Members of 18 species of ticks, mosquitoes, horse flies, and deer flues were collected in southeastern Connecticut and tested by indirect fluorescent-antibody staining methods for Borrelia burgdorferi, the etiologic agent of Lyme disease. An infection rate of 36.2% (116 tested), recorded for immature Ixodes dammini, exceeded positivity values for all other arthropod species. Prevalence of infection for hematophagous insects ranged from 2.9% of 105 Hybomitra lasiophthalma to 14.3% of seven Hybomitra epistates. Infected I. dammini larvae and nymphs coexisted with infected Dermacentor variabilis (American dog tick) immatures on white-footed mice (Peromyscus leucopus), but unlike I. dammini, none of the 55 adult American dog ticks collected from vegetation harbored B. burgdorferi. Groups of 113 field-collected mosquitoes ofAedes canadensis and 43 Aedes stimulans were placed in cages with uninfected Syrian hamsters. Of these, Il females of both species contained B. burgdorferi and had fed fully or partially from the hamsters. No spirochetes were isolated from the hamsters, but antibodies were produced in one test animal.
The causative agent of Lyme disease, Borrelia burgdorferi, has been detected in or isolated from ticks (2, 5, (9) (10) (11) 21) , human tissues (8, 32) , and the blood and organs of wildlife (1-3, 5, 19) . Although Ixodes dammini is the chief vector of B. burgdorferi in the northeastern United States, Wisconsin, and Minnesota, other arthropods, such as mosquitoes, horse flies, and deer flies, have also been found harboring this bacterium (22) . Evidence of transmission by hematophagous insects, however, is limited to infrequent associations between bites and the development of erythema migrans (13, 15, 22) , a unique skin lesion that marks the early stage of Lyme disease (31, 32) .
Members of several species of arthropods harbor B. burgdorferi during the summer, but little is known about the prevalence of infection in different sites and years. Moreover, it is unclear whether naturally infected mosquitoes, horse flies, and deer flies retain spirochetes in their digestive tracts, complete gonotrophic cycles, and efficiently transmit B. burgdorferi to vertebrate hosts. The objectives of this study were to compare prevalences of infection for ticks and biting insects in two rural communities in Connecticut where human infections with Lyme disease have been documented, to determine reproductive life histories for spirochete-infected blood-seeking mosquitoes, horse flies, and deer flies, to determine whether B. burgdorferi can survive in experimentally infected horse flies, and to attempt to isolate B. burgdorferi from Syrian hamsters fed upon by naturally infected mosquitoes in the laboratory.
MATERIALS AND METHODS
Study sites and sampling. Ticks, mosquitoes, deer flies, and horse flies were collected during 1986 and 1987 in Salem and Norwich, communities in southeastern Connecticut where Lyme disease is endemic (23, 33) . During spring and summer, immatures of I. dammini and Dermacentor variabilis (American dog tick) were removed from Peromyscus leucopus (white-footed mouse) captured in or near forests, while adult ticks of both species were obtained during spring * Corresponding author.
or summer by flagging vegetation along trails near woodlands. Blood-seeking mosquitoes and deer flies were captured in an insect net during the summer (time of collection, 1000 to 1500 h) as they approached the investigator. Mosquitoes were removed by an aspirator and separated from deer flies before being transported to the laboratory. Horse flies were collected during June and July by erecting dry-icebaited canopy traps (28) . All insects were kept on crushed ice or in styrofoam containers in the field and while in transit.
Dissection and identification of B. burgdorferi. Midgut tissues were dissected from ticks and smeared onto glass microscope slides as described previously (5, 9) . Heads were removed from mosquitoes and placed on other microscope slides. Internal contents were expelled and smeared by applying pressure to cover slips placed over the heads.
Anterior digestive tracts, including the salivary glands and proventriculus, were dissected from field-collected horse flies and deer flies (tabanids) and from experimentally infected females of a salt marsh horse fly, Tabanus nigrovittatus. These tissues were smeared onto slides in the same manner as the tick and mosquito tissues. After drying at 37°C, all preparations were fixed in acetone for 10 min and overlaid with murine monoclonal antibody (H5332) diluted 1: 4 or 1:8 in phosphate-buffered saline (PBS) solutions. This antiserum was directed to outer surface protein A, a polypeptide of approximately 31 kilodaltons (6, 7) that is common to all North American isolates of B. burgdorferi. The specificity of this monoclonal antibody, dilutions of reagents, application of fluorescein isothiocyanate-labeled goat anti-mouse immunoglobulin G (IgG) (1:40) , and other procedures used in indirect fluorescent-antibody (IFA) staining have been reported (5-7, 21, 22) .
Reproductive life histories. Ovaries were dissected from mosquitoes and tabanids to determine the number of completed gonotrophic cycles. Tissues were teased apart in Ringer physiological saline solution, and ovarioles were examined microscopically to determine whether dilatations or relics (yellow bodies) had formed in follicular tubes. The presence of these structures is evidence of egg development and oviposition (parity) and can be used to determine the number of ovarian cycles completed. Dissection procedures, terminology for ovarian structures, and interpretations of parity are those of Detinova (12) . In general, females of most biting insects ingest blood from vertebrate hosts, mature their eggs, and deposit them in or near aquatic or semiaquatic habitats. Multiple blood feedings and ovarian cycles can occur (12, 20, 34) .
Feeding trials and isolation attempts. Blood-seeking mosquitoes of Aedes canadensis and Aedes stimulans were collected from woodlands in Salem and Norwich. Groups of females, separated by species, were placed into screened cages with anesthetized, uninfected Syrian hamsters in the laboratory. These mammals can be used to isolate B. burgdorferi (17) . All test animals were initially immobilized with Penthrane (Abbott Laboratories, North Chicago, Ill.) and subsequently injected with ketamine hydrochloride (Vetalar; Parke-Davis, Morris Plains, N.J.). Hamsters were shaved along the head and back to allow mosquitoes to feed readily. After 1 h, the blood-engorged mosquitoes were separated from the unfed individuals, dissected, and screened for spirochetes by IFA staining methods. Two additional hamsters were each inoculated intraperitoneally with 150 ,ul of Barbour-Stoenner-Kelly (BSK) medium containing living B. burgdorferi (CT strain 22956), a 10-day-old culture of a primary isolate recovered from a kidney of P. leucopus captured in Armonk, N.Y. The number of spirochetes in the culture medium was about 4.0 x 106/ml. For negative controls, four normal hamsters (not exposed to mosquitoes) were kept in separate cages adjacent to those of the hamsters fed upon by mosquitoes or challenged by inoculation.
Kidneys and spleens were aseptically removed, triturated, and inoculated into BSK medium as described previously (1, 3, 17) . Cultures were held at 31°C for 4 to 7 weeks, and samples of medium were examined by dark-field microscopy to detect living spirochetes. In addition, blood samples were collected from hamsters, and sera were stored at -60°C until IFA analyses for antibodies to B. burgdorferi could be performed.
Laboratory experiments were conducted to determine whether B. burgdorferi survives in females of T. nigrovittatus. Blood-seeking horse flies were collected in canopy traps during July 1985 and August 1986 in a salt marsh in Milford, Conn. After being transferred to sugar-free cages in the laboratory, the insects were held overnight with distilled water at 21 + 3°C. On the next day, they were placed on membrane feeding devices (26) for 20 to Examinations of ovarian tissues from 1,062 blood-seeking mosquitoes and tabanids revealed that the majority had completed at least one gonotrophic cycle and, therefore, had taken at least one blood meal before depositing eggs (oviposition) and starting the second ovarian cycle. For uninfected insects, the numbers of parous specimens (i.e., with evi- Ovarian examinations of biting insects revealed that nearly all of the infected, blood-seeking mosquitoes and tabanids had completed at least one ovarian cycle. Unlike ticks, mosquitoes and tabanids can ingest multiple blood meals from different mammals during a gonotrophic cycle (20, 34) and in the process may acquire B. burgdorferi from one or more infected hosts. Maximal periods of survival for B. burgdorferi in naturally infected biting insects are unknown, but in experimentally infected mosquitoes, B. burgdorferi lived less than 6 days in the insect's digestive system (26) . This, coupled with the relatively low number of spirochetes found in head tissues of field-caught females and no isolates of B. burgdorferi from hamsters fed upon by infected mosquitoes, indicates that these insects may not be suitable hosts for this bacterium. The low-level immune response in a hamster fed upon by an infected female of A. canadensis may have been directed against dead or weakened B. burgdorferi. Although anecdotal, there are records of deer fly bites and the subsequent development of erythema migrans in persons who had Lyme disease (22) . In addition, B. burgdorferi survives for brief periods in T. nigrovittatus. Further studies are needed to confirm that deer flies or horse flies can mechanically transmit B. burgdorferi.
